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FIBER REINFORCED POLYOXYMETHYLENE 
MOLDING COMPOSITIONS 

BACKGROUND OF THE INVENTION 
This invention relates to improved reinforced ther 

moplastic molding compositions and more particularly 
to ?brous reinforced polyoxymethylene molding com 
positions. 
As is well known, polyoxymethylene, or polyacetal, 

is a thermoplastic resin which ?nds wide utility in the 
manufacture of molded articles. Molded articles of ex 
ceptional strength and toughness are obtained when the 
polyoxymethylene resin is intimately combined with 
various reinforcing agents. 

In the past, however, it has been found that various 
additives are required to provide the desired physical 
properties to the molded article prepared from the rein 
forced polyoxymethylene polymers. Inferior physical 
properties commonly can be traced to poor adhesion 
between the polymer and the ?brous reinforcement. 

Thus, for example, US. Pat. Nos. 3,542,722, 
3,883,468 and 3,963,668 disclose polyoxymethylene 
resins ?lled with glass ?bers which have been treated 
with adhesion promoting organosilicone materials. 
US. Pat. No. 3,647,743 discloses that glass reinforced 

polyoxymethylene polymers, having particularly im 
proved impact strength, are provided by coating the 
surface of the glass-?bers with styrene type resins and 
then mixing with the polyoxymethylene polymer. 
Other glass reinforced polyacetal compositions, 
wherein the glass reinforcement has been coated with 
an epoxide group containing silane adhesion promoter 
are also referred to in US. Pat. No. 3,850,873. 
Other US Patents, typical of which is US. Pat. No. 

3,455,867, disclose the use of chemical coupling agents 
to provide the required adhesion between the glass 
?bers and the polyacetal; and 
US. Pat. No. 4,111,887 discloses the utilization of a 

polycarbodiimide and optionally a phenoxy resin to 
provide an improved reinforced polyoxymethylene 
molding composition. 
While certain satisfactory results have been achieved 

by these heretofore known compositions, there is still a 
need for further satisfactory ?ber reinforced polyoxy 
methylene compositions with even more improved 
physical properties. 

SUMMARY OF THE INVENTION 

Accordingly, it is one object of the present invention 
to provide an improved reinforced polyoxymethylene 
molding composition, 
Another object of this invention is to provide an 

improved reinforced polyoxymethylene molding com 
position capable of forming molded articles having 
improved physical properties. 

Still another object of this invention is to provide an 
improved reinforced polyoxymethylene molding com 
position which exhibits good properties even without 
the need for adhesion promoting agents. 
A still further object of this invention is to provide a 

reinforced polyoxymethylene molding composition 
wherein theuse of adhesion promoting agents provides 
even further improvements. ' 
These and other objects are accomplished herein by 

providing a ?ber reinforced polyoxymethylene molding 
composition comprising the intimate admixture of a 
polyoxymethylene polymer and a ?brous reinforce 
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2 
ment, wherein said ?brous reinforcement has been 
treated with a vinyl polymer. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

As used herein the term “polyoxymethylene” is in 
tended to include both homopolymers, including so 
called capped homopolymers, i.e., acylated homopoly 
mers, as well as copolymers. Such polymers which may 
be produced according to methods well-known in the 
art, have recurring —OCH2——units and are typically 
prepared by the polymerization of anhydrous formalde 
hyde or by the polymerization of trioxane. 

Particularly useful in this invention is polyoxymeth 
ylene copolymer having at least one chain containing 
recurring oxymethylene (—OCH2-—) units interspersed 
with ——OR— groups vin the main polymer chain where 
R is a divalent radical containing at least two carbon 
atoms directly linked to each other and positioned in the 
chain between the two valences with any substituents 
on said R radical being inert, i.e. substituents which will 
not induce undesirable reactions. Preferred copolymers 
contain from about 60 to about 99.6 mole percent of 
recurring oxymethylene groups. In a preferred embodi 
ment R may be, for example, an alkylene or substituted 
alkylene group containing at least two carbon atoms. 
Among the copolymers which are utilized in accor 

dance with the invention are those having a structure 
comprising recurring units of the formula: 

1'11 
-OCH2 (I) 

R2 n 

wherein n is zero or an integer of from 1 to 5, and 
wherein n is zero in from 60 to 99.6 percent of the recur 
ring units. R1 and R2 are inert substituentsfthat is, sub 
stituents which will not cause undesirable reactions. 
A preferred class of copolymers are those having a 

structure comprising recurring units wherein from 60 to 
99.6 percent of the recurring units are oxymethylene 
units. These copolymers are prepared by copolyme 
rizng trioxane with a cyclic ether having the structure: 

wherein n is 0, l or 2. 
Examples of other preferred polymers include co 

polymers of trioxane and cyclic ethers containing at 
least two adjacent carbon atoms such as the copolymers 
disclosed in US. Pat. No. 3,027,352. 
Among the speci?c ethers which may be used are 

ethylene oxide, 1,3-dioxolane, 1,3,5-trioxepane, 1,3 
dioxane, trimethylene oxide, pentamethylene oxide, 
l,2-propylene oxide, l,2-butylene oxide, neopentyl for 
mal, pentaerythritol diformal, paraldehyde, tetrahydro 
furan, and butadiene monoxide. 
The preferred polymers utilized in accordance with 

the invention are moldable thermoplastic materials hav 
ing a weight average molecular weight of at least about 
35,000, a melting point of at least about 150° C., an an 
inherent viscosity of at least about 0.8 (measured at 60° 
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C. in a 0.1 weight percent solution in p-chlorophenol 
containing 2 weight percent of alpha-pinene). 
Commonly, the polyoxymethylene polymer is pre 

stabilized to a substantial degree. Such stabilization may 
take the form of stabilization by degradation of the 
molecular ends of the polymer chain to a point where a 
relatively stable carbon-to-carbon linkage exists at each 
end.v For example, such degradation may be effected by 
melt hydrolysis such as that disclosed in US. Pat. No. 
3,318,848, or by solution hydrolysis such as that de 
scribed in US. Pat. No. 3,219,623. Mixtures of polyoxy 
methylene polymers stabilized by melt hydrolysis and 
by solution hydrolysis may, of course, be used. The 
polyoxymethylene may also include conventional stabi 
lizers such as an antioxidant and/or an acid scavenger. 
Generally, these stabilizers will be present in a total 
amount of less than about 3 percent by weight based on 
the weight of the polyoxymethylene polymer. 
The types of ?brous reinforcements which are uti 

lized in the practice of the present invention are those 
generally known in the art for reinforcing thermoplastic 
molding resins and include among others glass ?bers 
(chopped, strand, or continuous rovings), asbestos ? 
bers, cellulosic ?bers and synthetic ?bers such as graph 
ite ?bers. 

In order to realize the speci?c improvements of this 
invention, the surface of the ?brous reinforcements 
utilized herein must be treated with a vinyl polymer, 
such as, for example, polyvinylacetate, copolymers of 
vinyl acetate and other ethylenically unsaturated mono 
mers such as ethylenevinyl acetate and partially hydro 
lyzed vinyl acetate polymer. Best results are achieved 
with glass ?ber reinforcement wherein the glass ?bers 
have been treated with polyvinyl acetate. One such 
material is commercially available and is known as Nit 
tobo CS 3PE-231P glass sold by Nittobo Corp. of Ja 
pan. 

In another embodiment of the present invention, even 
further improved thermoplastic reinforced polyoxy 
methylene compositions are provided by the incorpora 
tion of a coupling agent. i.e., an adhesion promoter, 
such as, for example, certain high molecular weight 
phenoxy resins, methylene diphenyldiisocyanate 
(MDI), into the heretofore described ?brous reinforced 
compositions. 
Phenoxy resins which may be utilized herein are, for 

example, those described in US. Pat. No. 3,901,846. 
These resins are high molecular weight thermoplastic 
resins which are produced from 2,2’-bis(4-hydroxyphe 
nyl) propane and epichlorohydrin according to the 
procedure as described in US. Pat. No. 3,356,646. The 
basic chemical structure of the phenoxy resins is similar 
to that of epoxy resins. They are, however, a separate 
and unique resin class, differing from epoxies in several 
important characteristics: 

1. Phenoxy resins are tough and ductile thermoplas~ 
tics. Their weight average molecular weight ranges 
from about 15,000 to 75,000, preferably from about 
20,000 to 50,000 compared with 340 to 13,000 for con 
ventional epoxies which crosslink on polymerization. 

2. Phenoxy resins do not have terminal highly reac 
tive epoxy groups and are thermally stable materials 
with a long shelf life. 

3. The phenoxy resins can be used without further 
chemical conversion. They require no catalysts, curing 
agents or hardeners to be useful products while epoxy 
resins require catalysts, curing agents or hardeners to be 
useful. 
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4 
The phenoxy resins utilized herein can be character 

ized by a repeating structure: 

(‘3H3 H H H 

l l l l 
CH3 H OHH 

and have a weight average molecular weight range 
from about 15,000 to 75,000. As is obvious, the terminal 
structure is completed with hydrogen atoms or some 
suitable end capping groups. 
The phenoxy resin or other coupling agents de 

scribed hereinbefore are typically incorporated in the 
reinforced polyoxymethylene compositions in an 
amount of from about 0.01 to 5.0 percent by weight 
based on the weight of the total composition, and more 
typically in an amount of from about 0.1 to 1.0 percent 
by weight based upon the total composition. 
The polyoxymethylene, ?brous reinforcement and, in 

the second aspect of the invention, the coupling agent 
such as the phenoxy resin, may be mixed or blended in 
any convenient manner. Thus, for example, in a pre 
ferred embodiment, the phenoxy resin may be simulta 
neously intimately mixed with the reinforcing agent and 
the oxymethylene polymer. Mixing time involving the 
?brous reinforcement should be kept to a minimum so 
as to avoid attrition of the ?brous reinforcement. For 
instance, mixing of all components may satisfactorily be 
carried out for 0.5 to 3 minutes (e.g. l to 2 minutes) 
while the components are present in an extruder pro 
vided at a melt temperature of about 400° to 405° F. 
The reinforced polyoxymethylene molding composi 

tions of the invention, in addition to the polyxoymethy 
lene polymer, reinforcing agent and, if desired, a cou 
pling agent optionally may also include a minor quan 
tity of additives conventionally employed in non-rein 
forced or reinforced polyoxymethylene molding com 
positions both polymeric and non-polymeric, such as 
impact modi?ers, for example, Elvax (polyvinylace 
tate), lubricity agents, dyes, and conventional antioxi 
dants and acid scavengers. 
A typical molding composition to which the addi 

tives according to the present invention are added may 
comprise, for example: 40 to 95 percent by weight poly 
oxymethylene, 5 to 60 percent by weight surface treated 
?ber reinforcement, such as glas, 0.05 to 2.0 percent by 
weight antioxidant, and 0.05 to 2.0 percent by weight 
acid scavenger. A preferred composition which, may be 
modi?ed, according to the invention includes 60 to 90 
percent by weight polyoxymethylene polymer, 10 to 40 
percent by weight surface treated glass ?ber, 0.1 to 1.0 
percent by weight antioxidant, and 0.1 to 1.0 percent by 
weight acid scavenger. For instance, 74 parts by weight 
of a polyoxymethylene resin which incorporates 0.4 
parts antioxidant and 0.1 part acid scavenger can be 
mixed with 25.0 parts of glass ?ber or 64 parts by 
weight of a polyoxymethylene resin which incorporates 
0.4 part antioxidant and 0.1 part acid scavenger can be 
mixed with 35.0 parts glass ?ber, and 0.2 parts by 
weight of the phenoxy resin. The exact composition 
chosen, however, will be dependent on the desired 
properties of the molded article as will be apparent to 
one of ordinary skill in the art. 
Molded articles prepared from the thermoplastic 

reinforced polyoxymethylene molding compositions 
according to this invention show a distinct improve 
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ment in physical properties as compared to articles 
prepared from ?ber reinforced polyoxymethylene 
whichdo not contain the surface treated ?brous rein 
forcement as disclosed herein. 

6 
invention which are within the full extended scope of 
the invention as de?ned by the appended claims. 
What is claimed is: ' 
1. An improved ?ber reinforced polyoxymethylene 

In order that the skilled in the art may better under- 5 molding composition comprising the admixture of: 
stand how the present invention is practiced, the fol~ (i) a polyoxymethylene polymer; and 
lowing examples are given by way of illustration and (ii) an effective amount of a ?brous reinforcement, 
not by way of limitation. wherein said ?brous reinforcement is surface 

' treated with a vinyl polymer which is selected 
EXAMPLES 1'4 10 from the group consisting of polyvinylacetate, 

The blends shown in the following Table are pre- ' copolymers of vinyl acetate and other ethylenically 
pared by feeding the ingredients to a single screw ex- unsaturated monomers and partially hydrolyzed 
truder and compounding them at a melt temperature of vinyl acetate polymer. 
about 400° F. The various compositions are thereafter 2. The composition according to claim 1 wherein said 
molded, also at a melt temperature of about 400° F., into 15 ?brous reinforcement is glass. 
tensile bars in a conventional molding apparatus. 3. The composition according to claim 1 wherein the 
The polyoxymethylene polymer employed in Exam- ?brous reinforcement is present in an amount of from 

ples 1-4 is a polyoxymethylene copolymer prepared about 5 to about 60 percent by weight of the total com 
from trioxane and ethylene oxide and has an average position. 
molecular weight of approximately 35,000. The poly- 20 4. The composition of claim 1 wherein the polyoxy 
ether surface treated glass, i.e. under the designation methylene polymer has an inherent viscosity of at least 
OCF 409BB, are glass ?bers in the form of chopped 0.8 (measured at 60° C. in a 0.1 weight percent solution 
strands having a length of 3/16 inch and a diameter of in p-chlorophenol containing 2 weight percent of alpha 
50 to 55X 10-5 inch, sold commercially by Owens- pinene), a weight average molecular weight of at least 
Corning Figerglas Corp. The Nittobo glass, sold by 25 35,000 and a melting point of at least 150° C. 
Nittobo Corporation, is in the form of chopped strands 5. The composition of claim 1 which further includes 
and is ?berglass which has been surface treated with a high molecular weight thermoplastic phenoxy resin. 
polyvinyl acetate. The phenoxy ingredient is a thermo- 6. The composition of claim 1 which is stabilized by 
plastic phenoxy resin prepared from epichlorohydrin the addition of an antioxidant and an acid scavenger. 
and 2,2-bis(4-hydroxyphenyl) propane having a weight 30 7. The composition of claim 4 wherein the phenoxy 
average molecular weight of about 30,000. The stabi- resin has the repeating structure: 
lizer is a mixture of 0.4 percent 2,2’-methylene-bis-(4 
methyl-6-tertiary-butylphenol) antioxidant and 0.1 per- CH3 I? II‘! I? 
cent cyanoguanidine acid scavenger. The physical O (3 0—c—c--c 
properties of the moldings which are prepared from the 35 gm (1m {'1 }II 
blends are included in the table. 3 

TABLE I 
Compositions Example (1) Example (2) Example (3) Example (4) 

Polyoxymethylene (Celcon M90) 74.1% 74.3% 61.1% 74.1 
OCF Glass (409 BB) 25% - - - 

Nittobo Glass 
(CS3PE231P) - 25% 35% 25% 
Phenoxy (PKHH) 0.2% — 0.2% 0.2% 
Elvax 150 (polyvinylacetate, 
sold by DuPont) — — 3% -— 

Stabilizer 0.5% 0.5% 0.5% 0.5% 
Acrawax C (N,N'——-ethylene-bis 
stearamide) sold by Glyco Chemicals, 
Inc. 0.2% 0.2% 0.2% 0.2% 

M 
Tensile Strength (psi) 13,100 17,700 20,300 17,000 
Notched Izod (ft-lb/in) 0.86 1.44 2.14 1.5 
Elongation (%) @ break 1.8 3.0 3.0 — 

55 

The data in the above Table clearly show that poly~ 
oxymethylene molding compositions containing polyvi 
nyl acetate surface treated ?brous reinforcement, ac-} 
cording to this invention, have superior physical prop 
erties compared with the same or similar compositions 
but for employing polyether surface treated ?brous 
reinforcement, e.g., OCF 409BB. 

Obviously, other modi?cations and variations of the 
present invention are possible in the light of the above 
teachings. It is, therefore, to be understood that changes 
may be made in the particular embodiments of this 

and a weight average molecular weight of from about 
15,000 to 75,000. 

8. The composition of claim 6 wherein the antioxi 
dant is 2,2'-methylene-bis-(4-methyl-6-tertiary-butyl 
phenol) and said acid scavenger is cyanoguanidine. 

9. A ?ber reinforced molded polyoxymethylene com 
posite article exhibiting improved physical properties 
formed from the molding composition of claim 1. 

10. The composition of claim 1 which further in 
cludes as an impact modi?er a vinyl acetate resin. 

* * * * * 


